INTRODUCTION {#sec1-1}
============

Epidemiological studies indicate that frequent consumption of fruits is associated with lower risk of stroke and cancer.\[[@ref1]\] The defensive effects of natural antioxidants in fruits and vegetables are related to three major groups: Vitamins, phenolics, and carotenoids. Ascorbic acid and phenolics are known as hydrophilic antioxidants while carotenoids are known as lipophilic antioxidants.\[[@ref2]\]

Guava (*Psidium* guajava L.) is an important tropical fruit, mostly consumed fresh. The fruit is a berry, which consists of a fleshy pericarp and seed cavity with fleshy pulp and numerous small seeds. The leaves have been extensively used for the treatment of diarrhea,\[[@ref3]\] bacterial infection, pain, and inflammation.\[[@ref4]\] According to Hui-Yin and Gow-Chin,\[[@ref5]\] the extracts from guava (*P*. guajava L.) leaves exhibited good antioxidant activity as well as free radical-scavenging capacity.\[[@ref6]\] As far as we know, there are no comprehensive data reported on the variation of antioxidants during development of guava leaves.

In the most recent 30 years, numerous polysaccharides have been isolated from mushrooms, fungi, and plants and have been used as a source of therapeutic agents. The most promising bio-pharmacological activity of these biopolymers is their immunomodulation\[[@ref7]\] and antioxidant effects. More recent surveys show polysaccharide is believed to play a significant role in the prevention of chronic and degenerative diseases.\[[@ref8]\]

Conventional extractions such as heating, boiling, or reflux can be used to extract compounds in plants. However, disadvantages include the loss of some compounds due to oxidation, ionization, and hydrolysis during extraction as well as the long extraction times.\[[@ref9]\] Recently, new extraction techniques have been developed for the extraction of target compounds from different materials including ultrasound and microwave-assisted, supercritical fluid and accelerated solvent extraction.\[[@ref10]\] Among these, UAE is an inexpensive, simple, and efficient alternative to conventional extraction techniques.\[[@ref11]\] The mechanism of action for UAE attributed to cavitation, mechanical forces, and thermal impact, which result in disruption of cells walls, reduce particle size, and enhance mass transfer across cell membranes.\[[@ref12]\]

Response surface methodology (RSM) is a kind of optimization method which serves as an accurate, effective, and simple tool for optimizing the experimental process,\[[@ref13][@ref14]\] and is widely used in agriculture, biology, food, chemistry, and other fields.\[[@ref15][@ref16][@ref17]\] Therefore, using RSM in UAE could be an excellent method to optimize the extraction. There are no reports on optimization of extraction of polysaccharides from guava leaves by UAE, hence, there is a need to develop a suitable extraction method with optimum polysaccharides which can be applied on an antioxidant compounds. A Box--Behnken central composite design (CCD)\[[@ref18]\] was employed to study the influence of temperature, time, and ultrasonic power on the extraction yield of polysaccharides from guava leaves and to optimize the extraction condition.

MATERIALS AND METHODS {#sec1-2}
=====================

Material and reagents {#sec2-1}
---------------------

Fresh guava leaves were collected from farms in Shilou town of Guangzhou, Guangdong. This specie was locally called as pearl guava leaves. Samples were transferred on the same day to Pharmaceutical Engineering Lab in Guangdong Pharmaceutical University and were dried in 60°C then stored until analysis. 1,1-diphenyl-2-picryl-hydrazyl (DPPH) was purchased from Sigma Chemical Co. salicylic acid, sodium tungstate, sodium nitrite, EtOH, FeSO~4~, etc., All chemicals used were of analytical grade and were purchased from a local Chemical Co. (Congyuan Co., Ltd, Guangzhou).

Ultrasound-assisted extraction {#sec2-2}
------------------------------

Ultrasound-assisted extraction was performed in a temperature controlled by ultrasonic cleaner (KH-400KDB, Hechuang Ultrasonic Equipment Co., KunShan, China). Furthermore, temperature was also monitored with a thermometer. The guava leaves powder (2.0 g) was put in a glass vial (100 mL) and distilled water solvent (50 mL) added before the vial was placed in the ultrasonic cleaning bath (united) at 40 kHz. The extract was combined, filtered, and concentrated in a rotary evaporator to small volumes. Subsequently, four volumes of ethanol were added to the supernatant, the mixture was maintained for 24 h at room temperature to precipitate polysaccharide, and the precipitate was collected by centrifugation. Polysaccharide content was determined with a phenol--sulfuric acid method\[[@ref19]\] using glucose as a standard. The crude extraction yield of polysaccharide of antioxidant compounds was then measured gravimetrically and reported as follows Eq. 1:
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Where Y is the crude extraction yield (%), w~0~ is the crude extract mass (g), and w~s~ is the extracted sample mass (g).

Experimental design {#sec2-3}
-------------------

Response surface methodology was used to determine the influence of three independent variables, extraction temperature (X~1~) extraction time (X~2~) and ultrasonic power (X~3~), considered the most important variables affecting guava leaves extraction. The experimental design was a modification of Box\'s CCD, for three factors each at three levels \[[Table 1](#T1){ref-type="table"}\]. The lower (−1), middle (0), and upper levels (+1) of three independent variables were then determined using RSM.\[[@ref20]\]

###### 

The levels of variables employed in the present study for the construction of Box-Behnken design (CCD)
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The end and central values were chosen from the results of preliminary tests. The experimental design consisted of 15 points, including three replications at the central point \[[Table 2](#T2){ref-type="table"}\] and was carried out in a random order.

###### 

Experimental design and result of factors chosen for the trials of Box-Behnken
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Response surface graphs were plotted, and optimum responses were identified within feasible treatments for the different response-dependent variables. The response surface regression (RSREG) procedure uses the method of least squares to fit quadratic RSREG models. Response surface model analysis by the RSREG procedure was performed according to the Statistical Analysis System (SAS) (version 9.2, SAS Institute Inc., Cary, NC).

For statistical calculations, the relation between the coded values and real values is described as follows Eq. 2:
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x~i~, x~0~, and Δx indicated dimensionless coded value of the variable Xi, the real value of the Xi at the center point, and the step change of variable, respectively. The following quadratic equation explains the behavior of the system as Eq. 3:
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Y, β~*0*~, β~*i*~, β~*ii*~ and β~*ij*~ indicated the predicted response, the intercept term, the linear coefficient, the squared coefficient, and the interaction coefficient, respectively.

1,1-diphenyl-2-picryl-hydrazyl free radical scavenging effect {#sec2-4}
-------------------------------------------------------------

The removal of DPPH radical effect for each sample was determined by a modified method of Hsiang *et al.* and Yamaguchi *et al.*\[[@ref21][@ref22]\] Briefly, 0.1 mL of 10 mM DPPH solution (in methanol) was added to a test tube containing 4 mL of the guava leaves extracts (120, 240, 360 mg) as low, middle, high levels. The mixture was shaken vigorously for 15 s and incubated in the dark at room temperature for 30 min. Methanol was used as a blank control. Butylated hydroxytoluene was used as positive controls. The absorbance of each sample solution was measured at 517 nm by a spectrophotometer (U-752, Shunyuheng Co., Ltd, China). The experiment was performed triplicate. The percentage of free radical scavenging effect was calculated as Eq. 4:

DPPH scavenging effect(%)
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Where *A~517nm,\ sample~* and *A~517nm,\ blank~* were the absorbance values at 517 nm for sample and blank, respectively.

Hydroxyl free radical scavenging effect {#sec2-5}
---------------------------------------

Among all known reactive oxygen species, hydroxyl radical (-OH) is the most damaging one, which may be produced under the physiological conditions and reacts rapidly with almost any biological molecule and may be involved in pathology of many human diseases.\[[@ref23]\]

We used methods for an -OH production system for analyzing -OH scavenging activity: The Fenton reaction system. The typical procedure for using a Fenton system is as follows: -OH attack aromatic compounds to produce hydroxyl compound, so the -OH in Fenton reaction system can be captured by salicylic acid, and the generated 3-dihydroxybenzoic acid can be extract by EtOH and colored by sodium tungstate and sodium nitrite. Then measured with a spectrophotometer at 510 nm, this absorbance value can reflect the concentration of -OHs in the system. 2 mL FeSO~4~(6 mmol/mL), 2 mL H~2~O~2~(6 mmol/mL), and 2 mL salicylic acid-EtOH (6 mmol/mL) were mixed with 2 mL sample solution of 30, 60, 90 (mg/mL). Blank contain 2 mL H~2~O instead of sample. Then the mixture was put in 37°C water-bath for 30 min. After that, the absorbance was determined at 510 nm. The -OH scavenging rate of sample solution was calculated by the following Eq. 5:

-OH scavenging effect(%)
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Where A~510nm,\ sample~ and A~510nm,\ blank~ were the absorbance values at 510 nm for sample and blank, respectively.

RESULTS AND DISCUSSION {#sec1-3}
======================

Effect of independent variables on the polysaccharide yield {#sec2-6}
-----------------------------------------------------------

A range of temperature treatments (20--60°C) were employed for 30 min with ultrasonic power at 240 W to assess their effect on the extraction polysaccharide from guava leaves. The results show the yield of polysaccharide increased as temperature increased from 20°C to 40°C; however, when the temperature exceeded 40°C, the yield of polysaccharide exhibited a linear decrease. As the temperature increased, the solvent viscosity and density decreased resulting in an increase of mass transfer.\[[@ref24][@ref25][@ref26]\] In addition, the number of cavitation bubbles within the fluid increased creating a cohesive force reducing the tensile strength of the liquid as a result of decreased solvent viscosity.\[[@ref27][@ref28]\] Therefore, 40°C was chosen for subsequent treatment optimization.

The effect of extraction time on the polysaccharide yield {#sec2-7}
---------------------------------------------------------

The tests compared extractions in distilled water with ultrasonic power at 240 W with extraction temperature 60°C for different treatment times: 20, 25, 30, 35, and 40 min. The results showed how the polysaccharide yield increased significantly in the initial 20 min, then slowed until reaching an equilibrium. All guava leaves cell walls cracked completely within the first 30 min from the acoustic cavitation effect, leading to good penetration of the solvent into the cells, and enhancing the transfer of dissolved polysaccharide out of the solid structure.\[[@ref29]\] As the guava leaves cell walls ruptured, impurities such as insoluble substances, cytosol, and lipids suspend in the extract, lowering the solvent\'s permeability into cell structures.\[[@ref30][@ref31]\] Furthermore, some polysaccharide will be decomposed with too long extraction time. Therefore, a longer extraction time is unnecessary once the maximum extraction yield is achieved. Based on these results, 30 min was selected as the optimum for this treatment.

The effect of electrical power on the polysaccharide yield {#sec2-8}
----------------------------------------------------------

The effect of five electrical power levels on the guava leaves polysaccharide yield was studied to evaluate the effect of ultrasonic power on polysaccharide yield: 200, 240, 280, 320, and 360 W at 60°C for 30 min. Ultrasonic power had a significant effect on the extraction of polysaccharide. When the power was increased from 200 to 280 W, the yield of polysaccharide increased significantly and almost linearly. Sonication is widely used for extraction of various substances from plant material and generates microscopic bubbles. The type and number of bubbles created and collapsed are positively correlated to the amplitude of ultrasonic waves traveling through the solvent; the collapsing bubbles are believed to create high-shear gradients by causing micro streaming which disrupts the cell walls. This significantly accelerates the penetration of solvent into cells, and the release of components from cells into the solvent, and simultaneously significantly enhances the mass transfer rate. As a result, the yield of polysaccharide increased proportionately with the increase in ultrasonic power. SivaKumar *et al.*\[[@ref32]\] and Lou *et al.*\[[@ref33]\] had similar results using UAE of tannin from my robalan nuts and polysaccharide from chick peas. However, increasing the ultrasonic power exceeding 280 W resulted in a slight decrease in the polysaccharide yield from guava leaves; 280 W was chosen to optimize the treatment.\[[@ref34]\]

Response surface analysis {#sec2-9}
-------------------------

The results of different runs are shown in [Table 2](#T2){ref-type="table"}. An analysis of variance (ANOVA) was conducted to determine the significant effects of process variables on the response. The estimated regression coefficients of three independent variables, along with the corresponding *R^2^*, *R~adj~^2^*, *P* values, and lack of fittest for the reduced response surface model, are displayed in [Table 3](#T3){ref-type="table"}. A high *R^2^*(0.9795) indicates that the data fitted satisfactorily to the second-order polynomial reduced model. Thus, more than 99% of the response variation could be accurately explained.

###### 

Regression coefficients of the final regression model and AVOVA for the extraction yield of polysaccharide in the CCD design

![](PM-11-463-g008)

Model fitting {#sec2-10}
-------------

The mathematical model representing the extraction yield of guava leaves as a function of the independent variables was expressed by the following Eq. 6:
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Where Y is the extraction yield of guava leaves and X~1~, X~2~, and X~3~ are the uncoded variables for extraction temperature, extraction time, and ultrasonic power respectively.

In general, exploration and optimization of a fitted response surface may produce poor or misleading results unless the model exhibits a good fit, which makes checking the model adequacy essential.\[[@ref35][@ref36][@ref37]\] The *P* value of the model was less than 0.05 (*P* \< 0.05), which indicated that the model fitness was significant \[[Table 3](#T3){ref-type="table"}\]. Meanwhile, the lack of fit value of the model was nonsignificant (0.2441), indicating that the model equation was adequate for predicting the crude extraction yield under any combination of values of the variables \[[Table 3](#T3){ref-type="table"}\]. Coefficient (*R^2^*) of the determination is defined as the ratio of the explained variation to the total variation and is a measurement of the degree of fitness.\[[@ref38]\] A small value of *R^2^* indicates a poor relevance of the dependent variables in the model.\[[@ref39]\] By ANOVA, the *R^2^* value of this model was determined to be 0.9795, which showed that the regression model defined well the true behavior of the system.

Numerical optimization was carried out using response optimizer to predict the optimal condition in order to obtain the highest crude extraction yield of guava leaves. Based on this information (Eq. 1) using RSM, the three-dimensional response surface plots and two-dimensional contours were generated to determine the levels of the processing variables to achieve the optimal yield of polysaccharide of guava leaves \[Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}\].
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By Eq. 1 and Eq. 2, the optimal values of the three variables were calculated to be 53.58°C, 30.93 min and 253.25 W for extraction temperature, extraction time, and ultrasonic power, respectively. The maximum predicted yield of polysaccharide of guava leaves was 0.51% under optimal conditions. For operational convenience, the optimal parameters are 55°C, 30 min, and 240 W for extraction temperature, extraction time, and ultrasonic power, respectively. Five verification experiments were carried out under the optimum conditions to validate the adequacy of the model equation. A mean polysaccharide extraction value of 0.49% ± 0.03% was obtained from laboratory experiments. The regression model proved adequate in predicting the optimal conditions achievable in laboratory settings.

Antioxidant effect of guava leaves {#sec2-11}
----------------------------------

In this study, it was demonstrated that the extracts of guava leaves were at concentration of 30--90 mg/mL, DPPH scavenging capacity was 72--86% and the -OH scavenging activity was 42.94--58.33%. The DPPH and the -OH free radical scavenging capacity of polysaccharide of guava leaves increased in a concentration-dependent manner \[[Figure 4](#F4){ref-type="fig"}\]. The DPPH is decolorized by accepting an electron donated by an antioxidant. The reducing potential of a substrate usually depends on the concentration of reductants, which exhibit antioxidant activity by donating a hydrogen atom and breaking the chain of free radicals. The increases in concentration of antioxidants are linked to increasing the scavenging of DPPH and thus an indication of higher antioxidant activity. The present results also appear to show that polysaccharide of guava leaves is an ideal -OH scavengers, and it will be done more *vivo* studies in the future.

![Free radical scavenging effect (%)](PM-11-463-g013){#F4}

CONCLUSION {#sec1-4}
==========

The high correlation of the mathematical model indicated that a quadratic polynomial model could be employed to optimize extraction yield from guava leaves by UAE. From the response surface plots, three factors (temperature, time, and ultrasonic power) significantly influenced the crude extraction yield independently. The optimal conditions to obtain the highest crude extraction yield of guava leaves were determined to be 55°C, 30 min and 240 W. Under the optimal conditions, the difference between experimental value (0.49% ± 0.03%) and predicted value (0.51%) was small. Thus, this methodology could provide a basis for a model to examine the nonlinear nature between independent variables and response in a short-term experiment. Furthermore, by antioxidant assay, the guava leaves are a potential source of antioxidant compounds. Plant sources like guava leaves may bring new natural products into the food industry with safer and better antioxidants that provide good protection against oxidative damage, which occurs both in the body and in the processed food.
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